Studies have found that hypoxia is the most common feature in all of solid tumor progression, thus it has become a central issue in tumor physiology and cancer treatment. Hypoxia-inducible factor-1α (HIF-1α) could make the tumor produce adaptive biological response to hypoxia and become more aggressive. In this paper, we used enzyme linked immune sorbent assay to detect the plasma level of HIF-1α in patients with NSCLC and healthy volunteers. The results indicated that the 5-year survival rate of patients with squamous cell carcinomas is negatively correlated with the plasma level of HIF-1α and the 5-year survival rate of patients with low level of HIF-1α is higher than those with high level of HIF-1α. The plasma level of HIF-1α in patients with NSCLC is significantly higher than healthy volunteers. There is no significant correlation between the plasma level of HIF-1α and clinical features of NSCLC patients. In a word, there is no connection between the plasma level of HIF-1α and the clinical features of NSCLC patients as well as their prognosis. In stratified analysis, the plasma level of HIF-1α in patients with squamous cell carcinoma is associated with regional lymph node status.
Scientific RepoRts | 6:20586 | DOI: 10.1038/srep20586 heterodimeric complex, thus becoming activated HIF-1α 5 . Activated HIF-1α can mediate the transcriptional activity of the target gene by binding to the hypoxia-response element (HRE) of the target gene 6 . The functions of target genes which mediated by HIF-1α mainly includes: 1, Participate in the process of promoting erythropoiesis, thus increasing the oxygen transport of organization. 2, Promote angiogenesis and increase local oxygen flow. 3, Regulate anaerobic glycolysis, thereby adapt to local hypoxia 7 . Previous studies had found that hypoxia was the most common feature of tumor progress including NSCLC, hypoxic zones in tumors would subsequently appear in the process of tumor growth, the reason might be that some local blood vessels unmatured cannot provide sufficient oxygen needed for tumor growth 8 . Tumor cells through a series of changes in biological characteristics to adapt to the lack of oxygen to survive and proliferation, and these adaptive changes of hypoxia make the proliferation and invasive of tumor enhance significantly 9 . Several studies had found that the possible reasons for the adaptability response may as follows: In the process of tumor growth, when the blood supply could not meet the needs of the tumor growth, HIF-1α would be activated by the hypoxia within the tumor, a series of HIF-1α dependent genes activated, regulating the biological characteristics of tumor from multiple pathways, so that the adaptive changes happened 10, 11 . The relationship between HIF-1α and tumor is very complex. More than one hundred kinds of target genes associated with tumor growth and metastasis can be regulated and activated by HIF-1α , most of them were related to tumor progression and metastasis, such as gene involved in angiogenesis (VEGF, PDGF, PIGF), extracellular matrix degradation gene (MMPs), metastatic gene(SDF1, CXCR4, LOX), epithelial-mesenchymal transition gene (SNAIL, SIP) and so on 12 . All genes mentioned above have been known as target genes of HIF, by promoting the proliferation of tumor cell, tumor angiogenesis, and enhancing the athletic ability of tumor cell, and improving high reactivity of tumor cell to mitogenic signals and so on, hence conducive to the growth of tumor, to adapt to the lack of oxygen 6, 13, 14 .
In hypoxia environment, HIF-1α can activate the adaptive response of the tumor target genes. At present, the roles of HIF-1α in tumor related are major as follows: 1) It exists in many types of cancers, its level is related to tumor invasiveness and metastatic 15, 16 . 2) HIF-1α expression is associated with the susceptibility to chemotherapy and radiotherapy of a variety of tumors, including NSCLC 17, 18 . A high level of HIF-1α expression can decrease the susceptibility. In vitro studies have found that the therapeutic effect of paclitaxel is associated with HIF-1α levels. The resistance of tumer cells to paclitaxel significantly increased when the HIF-1α overespressed 19 . It is reported that endostatin combined with radiotherapy can significantly inhibit the activity of HIF-1α in tumor cells, thus increasing the activity of antitumor angiogenesis and metastasis 20 . 3) Some researches that HIF-1α inhibitor was used for anticancer therapy have been carried out: a. Research shows that the expression of HIF-1α will be inhibited after the application of nitric oxide donor drugs, thus the drug resistance of cancer cells to anticancer drugs can be significantly suppressed 21 . In addition, we have made it clear that nitroglycerin can inhibit the role of HIF-1α . In a randomized phase II clinical trial, the researchers compared the curative effect between two kinds of different treatment methods for NSCLC patients on stage III and IV. One therapeutic method is vinorelbine and cisplatin chemotherapy combined with nitroglycerin, and the other is only vinorelbine and cisplatin chemotherapy. The results showed that nitroglycerin could significantly reduce the side effects of chemotherapy, and could increase the curative effect of chemotherapy 22, 23 . b. Currently, some HIF-1α inhibitors such as PX-478, TX-2098 and so on, are all in the preclinical or clinical trials phase 24, 25 . c. In addition, studies have found that some drugs that have been applied in the clinical for many years also can inhibit the role of HIF-α . For example, topotecan is a known cytotoxic drug that can destroy DNA, a few studies have found that it can directly inhibit the HIF-1α transcription significantly 26, 27 . There are studies showed that if the patients with lung cancer recieved a low dose of topoisomerase inhibitor every day, the expression of HIF-1α in lung cancer cells can be inhibit significantly 33 . In another research in vitro, researchers compared the influence on tumor cells in two different therapeutic methods: bevacizumab combined with topotecan and bevacizumab received alone. The results showed that the antitumor effect of beacizumab could significantly enhance by adding the HIF-1α inhibitors topotecan 28 . d. Moreover, the efficacy of radiotherapy will be obviously improved by inhibiting the HIF-1α level in the process of radiation therapy 29 . Currently, HIF-1α has been widely used in the evaluation of tumor in anaerobic conditions. It has been shown to be a major regulator of cell adaptation to hypoxic stress and play a critical role in oncogenesis and angiogenesis 30 . Several studies have shown that high expression of HIF-1α makes the sensitivety of many tumors to chemotherapy and radiotherapy decrease, including NSCLC 31, 32 . In addition, it was reported that the expression of HIF-1α could predict the prognosis and therapy effect of patients with NSCLC 33 . The method used in studies of HIF-1α is mainly immunohistochemistry. The tumor samples have to be obtained from patients, however, limited the application of this method. As for the plasma level of HIF-1α and its clinical significance in NSCLC, they are rarely reported.
The above researches have demonstrated that the role of HIF-1α in tumor pathological environmental factors and a certain value of HIF-1α as a therapeutic target. Therefore, we should choose suitable patient group to apply HIF-1α inhibitors. Through testing the plasma level of HIF-1α in patients with NSCLC, maybe we can evaluate the treatment efficacy of some drugs as well as the clinical condition of patients.
Results
Clinical characteristics of patients. The clinical characteristics of the 100 patients and 60 cases of healthy volunteers have been presented in Table 1 . There was no statistical difference in age and gender between patients and volunteers (P = 0.432, P = 0.665).
Correlation analysis between the clinical features of NSCLC patients. The correlations between the clinical features of NSCLC patients are presented in histological types of patients with NSCLC have significant relationship with gender, smoking status, tumor size. There is a significant relationship between smoking status and tumor size.
The Plasma level of HIF-1α in NSCLC patients. The plasma level of HIF-1α of 100 cases of patients with NSCLC and 60 healthy volunteers were tested. The median levels of HIF-1α in plasma of patients with NSCLC and healthy volunteers were 297.70 pg/ml and 274.92 pg/ml respectively. The plasma level of HIF-1α from patients was higher than healthy volunteers' , there was significant difference between two groups (P = 0.026) (Fig. 1) . The relationship between the plasma level of HIF-1α and the clinical features (age, sex, histological type, tumor differentiation grade, T stage, local lymph node status, pTNM stage, tumor size and smoking condition) of patient with NSCLC was analyzed respectively. Statistically significant correlation was not found. The detailed data was shown in Table 3 .
In this study, the plasma level of HIF-1α ≤ 297.70 was defined as a low level, the opposite as high level. The plasma levels of HIF-1α of patients with squamous carcinoma in different N stages was shown in Table 4 . There was a significant difference between the two groups (X 2 = 4.539, P = 0.033).
The correlation between postoperative survival rate, clinicopathological features and the plasma level of HIF-1α of patients with NSCLC. By the end of the last follow-up time of this study (2014.11.30), follow-up has been available in all 100 cases. The median follow-up was 69.1 months (range: 3.4~79.7months). The 1-, 3-and 5-year postoperative survival rate of patients with NSCLC were 91%, 69%, 59% respectively, and not correlated with the plasma level of HIF-1α , age, gender, tumor differentiation grade, diameter of tumor and smoking status (P > 0.05). There was a significant relationship between the 3-and 5-year postoperative survival rate and pTNM stage (P < 0.05) ( Table 5 ).
There was a significant relationship between 5-year postoperative survival rate of patients with squamous cell carcinomas and the plasma level of HIF-1α . The cut-off value of the plasma level of HIF-1α was set at the median (297.70 pg/ml). Patients with squamous cell carcinomas were divided into two groups (High Level > 297.70 pg/ml, Low level ≤ 297.70 pg/ml). The 5-year postoperative survival rate of low level group and high level was 78.6% (22/28), 50.0% (11/22) respectively. The difference between the two groups was statistical significantly (P = 0.034). There was no significant relationship between the 5-year postoperative survival rate and the plasma level of HIF-1α in patients with adenocarcinoma (Table 6 ). The overall survival curves analysis. A retrospective chart review was performed and the overall survival rate was estimated by using the Kaplan-Meier method and compared by Log-rank test. The results showed that: until 2014.11.30, the overall survival rate of patients with stage I, II, III was 69.8%, 74.1%, 30.0% respectively. The differences in three groups, significantly, were statistical (P < 0.001) (Fig. 2) . The overall survival rate of patients without regional lymph node metastasis was 71.9%, and significantly higher than patients had regional lymph node metastasis (P < 0.001) (Fig. 3 ).
Patients were divided into two groups according to the plasma level of HIF-1α : the cut-off value was set at the median (297.70 pg/ml), in group I the plasma level of HIF-1α was ≤ 297.70/ml (Low group), and in group II was > 297.70/ml (High group). The overall survival rate of patients with squamous cell carcinomas in low group and high group was 78.6%, 50% respectively. The difference among the two groups was statistical significantly (P = 0.028) (Fig. 4) .
We further analyzed the relationship between the plasma HIF-1α and OS of patients in the same pTNM stage. Results showed that there was no statistical significance between both of them. To make the results more intuitive, we presented the results by a dot in a scatter plot (Figs 5-7). As we can see in the Figures, there was no statistical significance between both of them, but there were some trends in the mass. Patients with longer survival period were enriched in the lower half of the scatter plots. Therefore, if the sample size could be expanded in further studies, we may get results with statistical significance.
Analysis of Prognostic Factors in NSCLC patients.
By the end of this study, in 100 cases patients, 59%
patients were survival. The median survival time of dead patients was 69.1 months (Range: 3.4~79.7months). The multivariate analysis of survival related factors was statistically analyzed by using Cox proportional hazard model. The results demonstrated that: a) Analysis of all patients' independent prognostic factors. We showed that pTNM stage was a influential prognostic factor for overall survival of patients with NSCLC (HR: 1.895, 95% CI: 1.296-2.771, P = 0.001). The rest of clinical and pathological features were all not (P > 0.05). b) Analysis of independent prognostic factors in all patients with squamous cell carcinomas. pTNM stage (P = 0.002) and the plasma level of HIF-1α (P = 0.028) were independent prognostic factors of patients with squamous cell carcinomas. c) Analysis of independent prognostic factors in all patients with adenocarcinoma. The results had no statistical significance. 
Discussion
Because of the HIF-1α is related with hypoxia, this index has been widely used in the assessment of tumor hypoxia condition. But there is no unified and effective method to evaluate the activity level of HIF-1α within the tumor cells. Currently, immunohistochemistry (IHC) is the main research method whichwas used in the evaluation of HIF-1α levels in tumor patients. In addition, western bltting and reverse transcriptase polymerase chain reaction (RT-PCR) are also used in some researches. It has been reported that, for patients with psoriasis and require dialysis treatment, their angiogenesis and hypoxia condition can be evaluated by detecting the HIF-1α level within blood 34, 35 . Additionally, there are limited prospective studies to evaluate the effect of breast cancer treatment by monitoring the HIF-1α level within the blood 36 . In China, some researches were reported that the treatment curative effect can be reflected by detecting the dynamic change of the HIF-1α level in patients with NSCLC and liver cancer before and after the interventional therapy 38, 40 . But at present, reports about monitoring the level of HIF-1α within blood in patients with cancer are still rare.
Due to the imbalance of oxygen supply and oxygen consumption in the process of tumor growth, some hypoxic regions will subsequently appear, and further promote the rapid growth of cancer cells and the abnormal angiogenesis within tumors. Hypoxia is a common characteristic of solid tumors including NSCLC. Even in some tumor cells of early stage cancers, the condition of hypoxia is still evident. Many studies have since shown that the Table 6 . Mono-factor analysis of 5-year postoperative survival rate of patients with different pathological type.
degree of hypoxia is related to insensitivity to chemotherapy and radiotherapy for patients with NSCLC, hihger invasive ability and a poor prognosis. HIF-1α is the most crucial transcriptive factor that regulates diverse biological functions of a series of target genes such as proliferation, metastasis, invasion, apoptosis, and angiogenesis. Under the hypoxia environment, HIF-1α is activated in tumor cell, thus regulating the expression of hundreds of downstream target genes, thus promoting the activation of a large amount of protein factors, which participate in both tumor neovascularization and metastasis. It has been reported to be an important predictor of tumor progression for some types of solid tumors.
The aim of this study was to detect and analyse the plasma level of HIF-1α in patients with NSCLC, thus finding the relationships between the plasma level of HIF-1α and clinicopathological features. The survival data of postoperative patients with NSCLC was follow-up and collected. Correlation analysis of survival data, the plasma level of HIF-1α and clinicopathological features were analysed, and the results showed that the plasma level of HIF-1α was not an independent prognostic factor for patients with NSCLC. The pTNM stage was an independent prognostic factor for patients with NSCLC. Currently, research on the level of HIF-1α of tumor patients is reported less. Some researches demonstrated that the plasma level of HIF-1α in patients with breast and liver cancer was significantly higher than normal person 37, 38 . Dongping Xia et al. reported that the plasma level of HIF-1α in patients with NSCLC was significantly The overall survival rate of patients with/without regional lymph node metastasis. The overall survival rate of patients without regional lymph node metastasis was (71.9%), and significantly higher than patients had regional lymph node metastasis (P < 0.001).
Scientific RepoRts | 6:20586 | DOI: 10.1038/srep20586
higher than healthy controls 39 . In this study, the plasma level of HIF-1α in patients with NSCLC was significantly higher than healthy volunteers' (P = 0.026), and was consistent with the results of previous researches. But the results about the relationship between the plasma level of HIF-1α and tumor patients have not been reported yet. This research also didn't find a significant relationship between the plasma level of HIF-1α and clinicopathological features of patients with NSCLC. The current researches and this study all found that the plasma level of HIF-1α of patients with NSCLC was higher than normal people's. The reason might be tumor tissues with HIF-1α protein high expression appeared tissue necrosis, which resulted in a huge amount of HIF-1α entering the bloodstream, or there was a special regulation mechanism in hematological system itself of patients with NSCLC.
There are no reports about the plasma level of HIF-1α related to prognosis of patients with tumors at present. The correlation between both was first reported in this study. Although in the analysis of prognostic factors, the plasma level of HIF-1α was not a prognostic factor of patients with NSCLC, and was associated with the 5-year survival rate of patients with squamous cell carcinomas. In this study, the 5-year survival rate of patients with squamous cell carcinomas which their plasma level of HIF-1α lower than median was 78.6%, and much greater than the 5-year survival rate of those which the plasma level of HIF-1α higher than median (50.0%) (P = 0.034). Therefore, the plasma level of HIF-1α still can predict the prognosis of patients with NSCLC to some extent. In stratified analysis, we found that the plasma level of HIF-1α of patients with squamous cell carcinomas was associated with regional lymph node status.
In addition, there was a significant difference between different genders in the 3-year survival rate of patients with NSCLC and no statistically significant difference in 1-year survival rate of patients with different pTNM stages in this research. The reason may be related to the less number of cases and shorter follow-up time. The results of this study demonstrated that HIF-1α may play crucial roles in some important processes of tumors, for example the growth progress and metastasis of the squamous cell carcinomas, or tumor angiogenesis, the plasma level of HIF-1α has crucial significance for the prediction of the prognosis of patients with NSCLC, especially in squamous cell carcinomas. However, it is still unclear that if the plasma level of HIF-1α was tested by Table 7 . The enter criterion of this study. dynamic monitoring, whether the results can reflect the curative effect of NSCLC related treatment, whether the plasma level of HIF-1α can reflect the condition of the patients' disease. Previous studies had shown that many existing drugs, such as topoisomerase inhibitors-topotecan and etoposide had inhibition against HIF-1α 40 . It is still not clear that whether there will be a better curative effect when these drugs used in the patients of HIF-1α high expression. In addition, curative effects still need to be wait for the evaluation of the testing stage of new HIF-1α inhibitors 25, 26 . Carry out more and further research on HIF-1α related maybe can find better HIF-1α target inhibitors and more appropriate patient group.
This study was designed to detect the plasma level of HIF-1α of 100 cases patients with NSCLC and the survival data was analyzed through follow-up. The results showed that the plasma level of HIF-1α of patients with NSCLC was significantly increased more than healthy people's. The influencing factor of 3-and 5-year postoperative survival rate of patients with NSCLC was pTNM stage. No associations were observed between the plasma level of HIF-1α and the postoperative survival rate of patients, but the plasma level of HIF-1α was associated with the postoperative survival rate of patients with squamous cell carcinomas. The results of this study suggested that the plasma level of HIF-1α maybe provide a possible direction for further research and test, such as research on new therapeutic target of drugs based on HIF and the determination of drug-sensitive tumor types for HIF-1α inhibitors.
Methods
In this study, in order to provide valuable reference for the research in the future, we detected the plasma level of HIF-1α and analyzed the relationship between the clinical pathological features of patients with NSCLC and the plasma level of HIF-1α .
Ethics Statement. This study was approved by the Ethics Committee of Beijing Chest Hospital, Capital Medical University/Beijing Tuberculosis and Thoracic Tumor Research Institute. Written informed consent was obtained from each patient and healthy volunteer, and the acquisition of blood samples was carried out as prescribed by the institutional guidelines. The method described in this study was carried out in accordance with the approved guidelines and regulations.
Patients and Healthy volunteers. In this study, patients who underwent pulmonary neoplasms resection Table 1 . The enter criterion of this study was presented in Table 7 .
The preoperative blood samples were collected from all the patients enrolled in this study, for the detection of plasma level of HIF-1α . At the same time, the blood samples of 60 cases of healthy volunteers were collected and detected too.
Collecting and dealing with the samples: 5 ml of fasting blood sample were drawn from antecubital vein of every patient with NSCLC in the morning 1-2 days before operation. The blood samples were put into the EDTA anticoagulative tube, then centrifuging ten minutes (1000 r/min) 2 hours after drawing blood, separated plasma, stored in − 80 °C to be determined. Vein blood samples were collected with limosis from healthy volunteers at the same period, the same process method.
HIF-1α Enzyme-Linked Immunosorbent Assay (ELISA).
The concentration of HIF-1α in the NSCLC patients and healthy volunteers were determined using ELISA regent kits (SINO-AMERICAN BIOTECHNOLOGY CO. LTD. Luoyang, China) according to the manufacturer's instructions and analyzed using a Labsytems Multiscan reader. The experiment was repeated twice with triplicate measurements in each experiment (measuring the optical density of each well at 450 nm wavelength within 5 minutes at the end of reaction).
Follow-up. All patients were followed-up by phone call consultation every 3 to 6 months after they were discharged from the hospital. Follow-up was completed in all patients until 2014.11.30 or the patient dead, and the median follow-up period was 68.5 months (range: 3.4~79.7months). During the period of follow-up, 1 case of patients was excluded because of dead within 3 months. In the rest of the 100 patients, all cases completed 5 years of follow-up. The follow-up time was censored if the patient was lost or dead during follow-up.
Statistical Analyses. All statistical analyses were examined using SPSS19.0 statistical software. Non-normal distribution was represented by the median (M). X
2 test was used to analyze the relationship between two categorical variables. In this study, comparison between patients and healthy volunteers; correlation between the clinical characteristics of NSCLC patients; comparison between the plasma level of HIF-1α related to the N stage of patients with squamous cancer; the single-factor analysis of the 1-, 3-and 5-year postoperative survival rate for patients; the univariate analyses of 5-year survival rate of adenocarcinoma and squamous carcinoma patients were all analysed by using X 2 test. When the sample size is less than 5, Fisher's exact test was used. The differences between two measuring parameters were analyzed by Mann-Whitney U test. In this study, the relationship between the clinical features and plasma level of HIF-1α , age of patients, comparison of the plasma level of HIF-1α between patients and healthy volunteers were analyzed by Mann-Whitney U test. Kruskal-Wallis H test was used between three or more measuring parameters.
